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(57) Abstract: A method is provided for remote detection of objects, where an individual object (20) is provided with at least one 
sensor (30) comprising at least one magnetic element (31-34) representing an identity of the sensor. A first electromagnetic signal 
(50) is generated for exciting the or each magnetic element to produce a second electromagnetic signal (60), an amplitude of which 
is modulated by a magnetic field (//mod). A reply signal (80) is produced by demodulating the second electromagnetic signal (60, 
70). A variation in amplitude of the reply signal is detected in response to a variation in amplitude of the magnetic field (//nod), and 
the detected variation in amplitude is used for determining a geometric property, such as the length, of the or each magnetic element 
(31-34). An identity of the sensor (30) is tetermined from the geometric property. 
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A METHOD, A SYSTEM, AND A SENSOR FOR REMOTE DETECTION OF 
OBJECTS , AND A METHOD FOR DETERMINING A LENGTH OF A 
MAGNETIC ELEMENT 

5 

Technical Field 

The present invention relates to a method, a system, 
and a sensor for remote detection of objects, an individual 
object being provided with a sensor comprising at least one 

10 magnetic element representing an identity of the sensor, 
wherein a first electromagnetic signal is generated for 
exciting the magnetic element to produce a second electro- 
magnetic signal, an amplitude of which is modulated by a 
magnetic field, and wherein a reply signal is produced by 

15 demodulating the second electromagnetic signal. The inven- 
tion also relates to a method of determining a length of a 
magnetic element by using a similar principle. 

Description of the Prior Art 

20 Many applications require a reliable and contact less 

detection of the presence, identity or position of objects 
within a detection zone. Common examples are for instance 
price labeling of commercial articles, identification of 
components in production lines, identification of material 

25 type at recycling plants or electronic article surveillance 
in e.g. shops. 

For some applications it is sufficient to detect the 
presence of the object or article. One example is a simple 
electronic article surveillance system, which is arranged 

30 to provide an alarm signal, once a protected article is 
carried into a detection zone. Such a simple application 
uses one single sensor element in the form of a thin metal 
strip or wire with magnetic properties. The sensor element 
may be detected magnetically by means of arc- shaped 

35 magnetic generators/detectors, which expose the sensor 
element to an alternating magnetic field, that affects a 
physical property of the sensor element . Use is often made 
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of the fact that the alternating magnetic field causes a 
periodical switch of the magnetic momentum of dipole of the 
sensor element, which is also known as Barkhausen jumps. 
Sensors of this kind are for instance disclosed in US-A-5 

5 496 611, EP-A-0 710 923 and EP-A-0 716 393. 

A different single -element sensor technology is 
described in W097/29463 and W097/29464, wherein each sensor 
comprises a wire-shaped element of amorphous or nano- 
crystalline metal alloy. An important feature of the 

10 amorphous or nano-crystalline metal alloy is that the 
permeability thereof may be controlled by an alternating 
magnetic modulating field. Through a physical effect known 
as Giant Magnetoimpedance, the amplitude of an electromag- 
netic reply signal from the sensor is modulated by the 

15 magnetic modulating field, when the sensor is excited by an 
electromagnetic interrogation signal. The modulation in 
amplitude of the reply signal is detected and used for 
determining the presence of the sensor in the detection 
zone. A similar application is shown in W098/36393, where 

20 very thin amorphous or nano-crystalline wires are used as 
sensor elements. These wires (also known as microwires) 
have a diameter of less than 30 ^im, preferably 5-15 ^m. 

None of the electronic article surveillance applica- 
tions described above provides a remotely detectable iden- 

25 tity for each sensor. However, for advanced applications it 
is necessary to provide such identity information, repre- 
senting e.g. an article number, serial number, material 
code etc for the respective object, to which each sensor is 
attached. Such applications are disclosed in WO88/01427, 

30 wherein each sensor or marker is provided with a number of 
magnetostrictive strips or ribbons made of an amorphous 
ferromagnetic material and arranged in predetermined 
angular relationships or at predetermined distances from 
each other. The identity of such a sensor is represented by 

35 the predetermined relationships as well as the respective 
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type of individual sensor elements. The sensor elements are 
excitable to mechanical resonance by magnetic energy. The 
magnetic signals generated by the resonating sensor 
elements may be detected magnetically or inductively. 
5 A similar system is described in W093/14478, wherein 

the sensors or markers are provided with a number of elec- 
trical resonant circuits, each of which is inductively 
coupled to a respective magnetic sensor element. Each 
electrical resonant circuit is excited to oscillate 
10 electrically, and the resonant frequency thereof is 

controllable, through the permeability of the magnetic 
element, by an external magnetic field, wherein a 
simultaneous detection of several identical sensors is 
possible . 

15 In summary, prior art sensors for remote detection of 

objects are either of a single-element type, allowing only 
the presence of each sensor to be detected, or of a multi- 
element type, allowing also an identity of each sensor to 
be detected. Single-element sensors are easier to design 

20 and produce and therefore have a lower unit cost. On the 
other hand, multi-element sensors require a supporting 
carrier (particularly for mechanically resonating sensor 
elements) and/or capacitive and inductive components (for 
the electric resonant circuit versions) . Naturally, this 

25 implies a higher cost per unit. Additionally, since the 
multielement sensors described above mainly operate by a 
magnetic or inductive link, the operating distance of the 
detection system is quite narrow. 

30 Summary of the Invention 

An objective of the present invention is to provide a 
method, a system, and a sensor for remote detection of 
objects, which are capable of determining an identity of 
the sensor attached to an individual object at a substan- 
35 tially lower cost than the prior art approaches. A further 
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objective of the present invention is to provide a system 
for detecting the identity of individual sensors/objects 
with an operating distance, which is far better than that 
of the prior art. 
5 The objectives have been achieved by the provision of 

a method, a system, and a sensor, which resemble the ones 
described in aforesaid W097/29463, W097/29464, and 
W098/36393 (i.e., use electromagnetic excitation and detec- 
tion, and a magnetic field for modulating the reply signal 

10 from the sensor, which comprises at least one thin magnetic 
wire-shaped element of an amorphous or nano-crystalline 
metal alloy) , but which allow each sensor to represent an 
identity. This is made possible by varying the amplitude of 
the magnetic modulating field and detecting a corresponding 

15 variation in amplitude of the reply signal from the sensor. 
These variations are used for determining a geometric pro- 
perty of the or each magnetic element of the sensor, pre- 
ferably a length of the element. Since the demagnetizing 
factor of a wire-shaped magnetic element depends on the 

20 length of the element, and since the amplitude of the reply 
signal in turn depends on the demagnetizing factor, it is 
possible to determine the length of the magnetic element 
from the detected variations in amplitude. The identity of 
the sensor is provided by the length of the magnetic 

25 element; elements of a first length represent a first 

identity, elements of a second length represents a second 
identity, etc. Advantageously, each sensor comprises more 
than one magnetic element, arranged in a predetermined 
spatial relationship in relation to each other. By using 

30 elements of different lengths, the identity of the sensor 
may be represented not only by these lengths but also by 
the spatial relationship among the elements. 

Other objectives, features and advantages of the 
present invention appear from the following detailed dis- 
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closure, from the drawings as well from the appended patent 
claims. 

Brief Description of the Drawings 

A preferred embodiment of the present invention will 
5 now be described with reference to the accompanying 
drawings, in which: 

FIG 1 illustrates a system for remote detection of 
objects, in which the method and sensor according to the 
present invention may be applied, 
10 FIG 2 is a schematic illustration of a first embodi- 

ment of a sensor according to the invention, where the 
magnetic elements have different length and are arranged at 
an angle to each other, 

FIG 3 is a schematic illustration of another embodi- 
15 ment of the sensor, where the magnetic sensor elements 

still have different lengths but are arranged in parallel 
to each other, separated by respective distances in a 
direction transversal to the longitudinal extension of the 
elements, 

20 FIG 4 is a diagram, which illustrates the fundamental 

principle, upon which the present invasion is based, and 

FIG 5 is a diagram, which shows experimental results 
obtained for a set of magnetic elements having different 
lengths . 

25 

Detailed Disclosure of the Invention 

FIG 1 illustrates an exemplary embodiment of a system 
for remote detection of objects, in which a sensor 30 is 
used according to one embodiment of the present invention. 

30 A transmitter antenna 11 and a receiver antenna 12 are 

arranged in a detection zone 10. The transmitter antenna 11 
is operatively connected to an output stage 13, which in 
turn is connected to a controller 14. The output stage 
comprises various commercially available driving and ampli- 

35 fying circuits and means for generating an alternating 
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electric current of high frequency f HF , said current flow- 
ing back and forth through the transmitter antenna 11 when 
supplied thereto, wherein a high-frequency electromagnetic 
field is generated around the transmitter antenna. This 

5 electromagnetic field is used, as will be described in more 
detail below, for exciting a sensor 3 0 present in the 
detection zone 10, so that the sensor will transmit, at the 
reception of a first electromagnetic signal 50 from the 
transmitter antenna 11, a second electromagnetic signal 60, 

10 which is received by the receiver antenna 12 and trans- 
formed into a corresponding electric signal 70. 

The receiver antenna 12 is operatively connected to 
an input stage 15, which comprises conventional means with 
amplifying and signal processing functions, such as band- 

15 pass filtering and amplifying circuits. The input stage 15 
also comprises means for demodulating the received signal 
70 and supplying it, as a reply signal 80, to the 
controller 14. 

The transmitter antenna 11 as well as the receiver 

20 antenna 12 thus have the purpose of converting, in a known 
way, between an electrical signal of high frequency and an 
electromagnetic signal. Preferably, the antennas are heli- 
cally formed antennas with rotating polarization (for opti- 
mal coverage in all directions) , or alternatively conven- 

25 tional end-fed or center-fed halfwave whip antennas, but 
other known antenna types are equally possible. 

The detection zone 10 is additionally provided with 
means 16, such as a coil, for generating a magnetic modu- 
lating field H^. The means 16 is connected to the con- 

30 troller 14 via a driving stage 17. The driving stage 17 
comprises means for generating a modulating current J^, 
which is supplied to the means 16, wherein the magnetic 
modulating field is generated in essential portions of . 
the detection zone 10. The magnetic modulating field 

35 may have a frequency of about 500-800 Hz, and the electro- 
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magnetic excitation and reply signals may have a frequency 
within the GHz band, such as 1.3 GHz or .2. 45 GHz. Frequen- 
cies outside these ranges are however also possible. 

An object 20, which has been schematically illustra- 
5 ted in FIG 1 in the form of a box- shaped package , is provi- 
ded with a sensor 30 according to the invention, comprising 
at least two magnetic sensor elements 31-34, which are 
arranged in a mutual relationship and represent an identity 
of the sensor, or of the object 20, to which the sensor is 

10 attached. The sensor elements are electromagnet ically 

detectable and comprise a magnetic material, the permeabi- 
lity of which is controllable by a magnetic field and the 
high-frequency impedance of which depends on said permeabi- 
lity, according to an effect commonly known as Gigant 

15 Magneto- Impedance . This effect causes a modulation in 
amplitude of the second electromagnetic signal 60 trans- 
mitted from the sensor 30 and received by the receiver 
antenna 12 as the signal 70. The amplitude is modulated by 
the magnetic modulating field H^. 

20 A system similar to the one described above is 

thoroughly disclosed in W097/29463, W097/29464, and 
W098/36393, all of which are fully incorporated herein by 
reference. 

A first embodiment of the sensor 30 is illustrated in 
25 FIG 2. The sensor 30 comprises a sensor body 35, such as a 
thin sheet of paper or plastics, onto which four sensor 
elements 31, 32, 33, 34, are mounted by e.g. adhesion. 
Alternatively, the four elements 31-34 may be directly 
integrated into the material of the object 20, to which the 
30 sensor is mounted, as will be described in more detail 
below . 

The material of the sensor elements 31-34 may be 
essentially identical to the ones described in the above- 
mentioned W098/36393. In other words, in the embodiment of 
35 FIG 2, the sensor elements 31-34 are made from a cobalt- 
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rich amorphous metal alloy, such as (Fe 0 . 06 Co 0 . 94 ) 72 . 5 Si 12 . 5 B 15 . 
The sensor elements are formed as very -thin metal wires 
with a length of about 5-100 mm and a typical transversal 
diameter of between 7 and 55 fim. An important feature of 
5 the invention is that the individual elements 31-34 have 
different and predetermined lengths l^-l^ as will be 
described in more detail below. Furthermore, the wires may 
be provided with a thin coating of glass or another 
dielectric material, the thickness of which is preferably 

10 less than the thickness (diameter) of the metal wire core. 
Such a wire is commonly referred to as a microwire and is 
produced by rapidly pulling a molten metal alloy and a 
surrounding molten glass tube. 

Alternatively, the material of the sensor elements 

15 31-34 may be nanocrystalline rather than amorphous. 

Furthermore, the glass coating may be dispensed with, and 
the thickness (transversal diameter) may be larger than for 
the preferred embodiment. Transversal diameters of between 
100 and 200 fim have proven useful, particularly about 125 

20 jim, as shown in W097/29463 and W097/29464. However, such 

wires are not referred to as microwires and are produced in 
other ways than the one mentioned above, as is well known 
per se in the technical field of magnetic sensor elements. 
In summary, the sensor of the present invention may 

25 comprise magnetic sensor elements of various kinds, as 
defined by the appended independent sensor claim. 

According to the embodiment of FIG 2, the four sensor 
elements 31-34 are arranged at a certain angle to each 
other. As previously mentioned, the sensor elements 31-34 

30 may be mounted to a carrier 35, such as an adhesive label, 
or alternatively attached directly to the related object 
20, for instance by adhesion. A further alternative is to 
sew or weave the sensor elements into or onto e.g. an 
article of clothing or another article of merchandise. In 

35 such a case the identity of the sensor may represent an 
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article class or type. Yet another alternative is to 
integrate the sensor elements into a packaging material, 
such as cardboard, paper or plastic film, or into an 
article of recycling (e.g. a plastic container, a glass 
5 bottle, a cardboard package, etc.). In such cases, the 
identity of the sensor may represent e.g. a type of 
material for each recycling article. 

The identity of the sensor 30 (or its related object 
20) is partly provided by the value of the angular devia- 

10 tion between the sensor elements 31-34. When assembling the 
sensor, the sensor elements are arranged according to one 
specific predetermined orientation selected from a set of 
such predetermined orientations. 

A second embodiment of the sensor is shown in FIG 3 . 

15 Here, the sensor 40 comprises a rectangular carrier 45, on 
which four magnetic sensor elements 41, 42, 43, 44 are 
mounted. The magnetic sensor elements 41-44 may be similar 
or identical to the ones described in previous sections in 
relation to FIG 2. However, in contrast to FIG 2, the sen- 

20 sor elements 41-44 of the sensor 40 shown in FIG 3 are 
arranged in parallel to each other with a certain trans- 
versal displacement between adjacent elements. In similari- 
ty with the individual sensor elements 31-34 of FIG 2, the 
sensor elements 41-44 in FIG 3 have different lengths, 

25 which together form an identity of this sensor 40. In 

contrast to the sensor 30 of Fig 2, however, the sensor 40 
of FIG 3 does not contain any additional information in the 
spatial relationship between the sensor elements 41-44. 

A method for determining the length of the individual 

30 magnetic sensor elements will now be described with refer- 
ence to FIG 4 . The description below is made with reference 
to the sensor 30 shown in FIG 2. As previously mentioned, 
one aspect of the present invention is that the lengths of 
individual magnetic sensor elements 31-34 may be used as 

35 coding parameters for forming an identity of the sensor 30. 
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These lengths may be determined through a magnetic property 
on the element, known as the demagnetizing factor. The 
demagnetizing factor represents the intrinsic magnetization 
of the magnetic element in relation to an external magnetic 
5 field and depends, inter alia, on the length and the cross - 
sectional area of the element, as set out below. 

Assuming that the magnetic sensor element is a wire 
having a length c and a diameter a, the longitudinal 
demagnetizing factor N c of the element may be expressed as: 

10 

where r - c/a. 

The transverse demagnetizing factor N a may be 
obtained through the expression: 

15 N e +2N a =47C. 

As previously described, the impedance of the 
magnetic element will depend on the permeability of the 
element, and when the permeability is varied by way of the 
magnetic modulating field, the impedance will vary accor- 

20 dingly, and, ultimately, the amplitude of the electromag- 
netic reply signal will be modulated by the magnetic 
modulating field. 

The energy of the amplitude modulation will depend 
not only on the amplitude of the magnetic modulating field 

25 but also on the high-frequency (HF) energy of the electro- 
magnetic excitation signal and on the length of the ele- 
ment. The reason why the length will have an influence on 
the amplitude modulation energy is because the amplitude 
modulation is due to the permeability, which in turn 

30 depends on the demagnetizing factor, which, ultimately, 
depends on the length of the element, as appears from the 
formula above. 
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Consequently, by increasing the amplitude of the 
magnetic modulating field, the amplitude modulation energy 
of the reply signal will increase according to an essen- 
tially linear factor, which depends on the length of the 
5 element . 

The essentially linear relation between the amplitude 
of the modulating field and the amplitude modulation energy 
of the reply signal has been experimentally verified, as 
shown in FIG 5. 

10 In FIG 5, the amplitude of the reply signal is 

plotted against increasing amplitude of the modulating 
current used for generating the magnetic modulating field, 
for seven elements having different lengths (7 cm, 7.5 cm, 
8 cm, 8.5 cm, 9.5 cm, 10.5 cm and 11.5 cm). A slope K is 

15 indicated for each length. 

An application of the above findings is schematically 
illustrated in FIG 4, where the respective slopes K^K 4 are 
illustrated for the four magnetic elements 31-34 of the 
sensor 30 shown in FIG 2. The first magnetic element 31 has 

20 a length 1 1# which is identical to the length 1 4 of the 
fourth magnetic element 34. Furthermore, the second mag- 
netic element 32 has a length 1 2 , which is shorter than the 
length 1 1= 1 4 of the first and fourth magnetic elements 31 
and 34. Finally, the length 1 3 of the third magnetic 

25 element 33 is larger than the length l l# 1 2 and 1 4 of the 
respective magnetic elements 31, 32, 34. 

As described above, the demagnetizing factor of the 
first magnetic element 31 will depend on the length l x of 
the magnetic element and will cause the amplitude of the 

30 reply signal from this element to be linearly dependent 
(slope K x ) of the amplitude of the magnetic modulating 
field H^. Since the first and fourth magnetic elements 31, 
34 have identical lengths l x = 1 4 , the slopes K x and K 4 
thereof will be identical, as illustrated by one common 

35 linear slope in FIG 4, Furthermore, since the length -1 2 of 
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the second magnetic element 32 is less than the aforesaid 
lengths lj « 1 4/ the slope Kj of the second magnetic element 
32 will be less dependent of the amplitude of the magnetic 
modulating field H^, as shown in FIG 4. Correspondingly, 
5 the slope K 3 of the longest magnetic element 33 will have 
the strongest dependence of the amplitude of the magnetic 
modulating field H^, as illustrated by the uppermost slope 
K 3 in FIG 4 . 

The lengths l x -l 4 of the magnetic elements 31-34 are 

10 determined as follows. The amplitude H of the magnetic 
modulating field is varied from a first value to a 
second value, i.e. by increasing the amplitude by a value 
AH. The amplitude A of the demodulated reply signal 80 is 
determined for the first and second amplitudes of the 

15 magnetic modulating field H^, i.e. the change AA in 

amplitude of the reply signal is determined in response to 
the change AH in amplitude of the magnetic modulating field 
H^. Then, the slope K is calculated as K = AA/AH. For 
instance, the slope K 3 of the third element 33 is calcula- 

20 ted as AA 3 /AH, while the slope 1^ of the second magnetic 
element 32 is calculated as AAj/AH. Since there is a 
predetermined relationship between the slope K and the 
respective length of the magnetic element, the lengths lj- 
1 4 of the magnetic elements 31-34 may be calculated from 

25 the determined slopes K x -K 4 . Preferably, the controller 14 
is provided with a memory for storing cross-reference data 
for determining the lengths l x -l 4 from the slopes K x -K 4 . 
Furthermore, the memory of the controller 14 may have a 
second cross-reference table for mapping element lengths to 

30 code values, e.g. so that an element length 1 A corresponds 
to a first code value, while a length 1 2 corresponds to a 
second code value, etc. As previously mentioned, the 
angular deviations between the magnetic elements 31-34 may 
provide further code values, so that a total code of the 

35 sensor 30 may be formed by the individual lengths l x -l 4 as 
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well as the angular relationship between the elements 31- 
34. 

The momentary amplitude H of the magnetic modulating 
field may be conveniently determined from the momentary 
5 amplitude of the modulating current supplied from the 

driving stage 17 to the means (coil) 16 for generating the 
magnetic modulating field H^. 

The lengths of the magnetic elements 41-44 of the 
sensor 40 shown in FIG 3 may be determined in a way similar 
10 to the one described above for the sensor 30 of FIG 2. 

The fundamental principle of the present invention 
may also be used as a method for determining a length of a 
magnetic element. According to such a method, the following 
steps are taken: 
15 l. The magnetic element is exposed to electro- 

magnetic radiation for exciting the element. 

2. The magnetic element is exposed to a magnetic 
field having a first amplitude. 

3. A first amplitude is detected for an electro- 

20 magnetic reply signal from the magnetic element. 

4. The magnetic element is then exposed to a magne- 
tic field having a second amplitude. 

5. A second amplitude is detected for an electro- 
magnetic reply signal from the magnetic element. 

25 6. A first difference is determined between the 

first and second amplitudes of the electromagne- 
tic reply signal. 

7. A second difference is determined between the 
first and second amplitudes of the magnetic 

30 field. 

8. The length of the magnetic element is ultimately 
determined from the first and second differences, 
preferably by dividing the first difference by 
the second difference and comparing the value 

35 thus obtained to a set of prestored values repre- 
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senting the demagnetizing factors related to 
magnetic elements of different ' predetermined 
lengths . 

Within the scope of the present invention, other 
5 properties than the length of each magnetic element may be 
used as coding parameters for the above purpose. It has 
already been mentioned that the intrinsic magnetization, 
and therefore the demagnetizing factor, depends not only of 
the element length but also of its diameter or cross - 

10 sectional area. Consequently, the diameter of the element 
may be used for coding purposes, i.e. by using magnetic 
sensor elements of different cross -sectional areas 
(different thickness) as replacement for and/or in addition 
to the magnetic elements 31-34 and 41-44 described with 

15 reference to FIGs 2 and 3. 

The present invention has been described above by way 
of a few exemplary embodiments. However, other embodiments 
than the ones described above are possible within the scope 
of the invention, as defined by the appended independent 

20 patent claims. 
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CLAIMS 

1. A method for remote detection of objects, an 
individual object (20) being provided with a sensor (30) 
comprising at least one magnetic element (31-34) having a 

5 predetermined geometrical shape and representing an 

identity of the sensor, wherein a first electromagnetic 
signal (50) is generated for exciting the or each magnetic 
element to produce a second electromagnetic signal (60) , an 
amplitude of which is modulated by a magnetic field (H^) , 

10 and wherein a reply signal (80) is produced by demodulating 
the second electromagnetic signal (60, 70) , characterized 
by the steps of 

a) detecting a variation in amplitude (AA) of the 
reply signal (80) in response to a variation in amplitude 

15 (AH) of the magnetic field (H^) , 

b) determining, from the result of step a) , a geomet- 
ric property of the or each magnetic element (31-34) , and 

c) determining, from the result of step b) , an iden- 
tity of the sensor (20) . 

20 

2. A method according to claim 1, wherein the geomet- 
ric property is the length dx-lj of the or each magnetic 
element (31-34) 



25 3. A method according to claim 1, wherein the geomet- 

ric property is the diameter of the or each magnetic 
element (31-34) . 

4. A method according to any preceding claim, wherein 
30 the or each magnetic element (31-34) is formed as a wire of 
an amorphous or nano-crystalline metal alloy. 



5. A method according to any preceding claim, wherein 
the sensor (20) comprises at least two magnetic elements 
35 (31-34) arranged in a predetermined spatial relationship in 
relation to each other, 
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6. A method according to claim 5 /.wherein said at 
least two magnetic elements (31-34) have different lengths. 

5 7. A method according to claim 5 or 6, wherein said 

at least two magnetic elements (41-44) are arranged in 
parallel to each other in the sensor (40) . 

8. A method according to any of claims 5-6, wherein 

10 said at least two magnetic elements (31-34) are arranged at 
an angle to each other. 

9. A system for remote detection of objects, where an 
individual object (20) is provided with a sensor (30) com- 

15 prising at least one magnetic sensor element (31-34), the 
system comprising transmitter means (11, 13) for 
transmitting a first electromagnetic signal (50) in a 
detection zone (10); receiver means (12, 15) for receiving 
a second electromagnetic signal (60, 70), generated by the 

20 sensor in response to the first electromagnetic signal from 
the transmitter means; modulating means (16) for generating 
a magnetic field (H^) for modulating the second 
electromagnetic signal during the generation thereof by the 
sensor; and demodulating means (15) for producing a reply 

25 signal (80) by demodulating the second electromagnetic 
signal (70) as received by the receiver means, 
characterized by 

processing means (14) for: detecting a variation in 
amplitude (AA) of the reply signal (80) in response to a 

30 variation in amplitude (AH) of the magnetic field (H^) ; 

determining, from the variation in amplitude thus detected, 
a geometric property of the or each magnetic element (31- 
34) ; and determining, from the geometric property thus 
determined, an identity of the sensor (30). 

35 
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10. A method of determining a length (l x -l 4 ) of an 
elongated magnetic element (31-34) , characterized by 

exposing the magnetic element (31-34) to electro- 
magnetic radiation (50) , 
5 exposing the magnetic element to a magnetic field 

(H^) having a first amplitude, 

detecting a first amplitude of an electromagnetic 
reply signal (60, 70) from the magnetic element, 

exposing the magnetic element to a magnetic field 
10 having a second amplitude, 

detecting a second amplitude of an electromagnetic 
reply signal from the magnetic element, 

determining a first difference (AA) between the first 
and second amplitudes of the electromagnetic reply signal, 
15 determining a second difference (AH) between the 

first and second amplitudes of the magnetic field, and 

determining the length (lj-lj of the magnetic ele- 
ment (31, 34) from said first and second differences. 

20 11. A sensor (30) for remote detection of objects, 

comprising at least two magnetic elements (31-34), which 
are arranged in a spatial relationship representing an 
identity of the sensor, or of an object (20) to which the 
sensor is attached, said magnetic elements being electro- 

25 magnetically detectable, characterized in that 

each magnetic element (31-34) is formed as a wire 
made from an amorphous or nano- crystal line metal alloy and 
having a length (l x -l 4 ) , which is different from the length 
of at least one other magnetic element of the sensor (30) , 

30 wherein the length of each element is used for forming the 
identity of the sensor. 



35 



12. A sensor according to claim 11, wherein the 
diameter of each magnetic element (31-34) is 100-200 ^im. 
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13. A sensor according to claim 11, wherein the 
diameter of each magnetic element (31-34) is 7-55 \im. 

14. A sensor according to any of claims 11-13, 

5 wherein each magnetic element (31-34) is provided with a 
coating of dielectric material, such as glass. 

15. A sensor according to any of claims 11-14, 
wherein the amorphous or nano-crystalline metal alloy of 

10 each magnetic element (31-34) exhibits a Giant Magneto- 
impedance-effect when exposed to electromagnetic energy 
(50) of high frequency and magnetic energy (H^) of lower 
frequency. 

15 16. A sensor according to any of claims 11-15, 

wherein the amorphous or nano-crystalline metal alloy of 
each magnetic element (31-34) has a majority ratio of 
cobalt . 

20 17. A sensor according to any of claims 11-16, 

wherein the composition of the amorphous or nano- 
crystalline metal alloy of each magnetic element (31-34) is 
(Fe 0 06 Co 0 94 ) 72. 5 Si 124S B 15 . 

25 18. A sensor according to any of claims 11-17, 

wherein the magnetic elements (41-44) are arranged in 
parallel to each other in the sensor (40) . 

19. A sensor according to any of claims 11-18, 
30 wherein the magnetic elements (31-34) are arranged at an 
angle to each other in the sensor (30) . 
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